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Abstract 

Cisplatin, cis-diamminedichloroplatinum(II) (CDDP) is one 
of the most important anticancer agents, initially producing 
good responses in various tumors. However, resistance to this 
drug often develops in various tumors, and additional admin- 
istration decreases its chemotherapeutic efficacy. The precise 
mechanism of acquisition of resistance to this drug is still 
uncertain. However in the present study, we established two 
CDDP-resistant sublines A431/CDDP1 and A431/CDDP2 
from human epidermoid carcinoma cell line A431. These 
— fesistante ublm es w c g e^nstitoted^y-eKposTOa^ 
gradually increasing dose of CDDP (A431/CDDP1), and by 
mutagenic induction with mutagen (A431/CDDP2). A431/ 
CDDPI and A431/CDDP2 have developed 3.1 and 2.7 times 
more resistance to CDDP than the original A43 1 cell in terms 
of ICso- The two CDDP-resistant sublines showed cross-resis- 
tance to the CDDP analogue, carboplatin (CBDCA), but not 
to other chemotherapeutic drugs such as Adriamycin (ADR) 
and 5-fluorouracil (5-FU). These CDDP-resistant sublines 
were transplanted into nude mice to demonstrate the resis- 
tance to CDDP treatment in vivo. According to the in vitro 
assay, the mechanism of resistance in A431 /CDDPI and 
A43 1 /CDDP2 seems to be based on a reduction of intracellu- 
lar accumulation of CDDP, because their platinum concentra- 
tion, which is the major component of CDDP, significantly 
declined. The established CDDP-resistant sublines may be 
used in further trials to improve the understanding of the 
mechanisms of resistance to CDDP. 
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Introduction 



Materials and Methods 



Cisplatin, cis-diamminedichloroplatinum 
(II) (CDDP) possesses a potent anticancer ac- 
tivity [1]. In the treatment of head and neck 
cancer, CDDP has been most widely used as 
base of single and combination chemotherapy 
as well as radiosensitizer [2-4]. However, de- 
velopment of drag resistance is a major obsta- 
cle for the success of these cancer therapies. 
Although, it is of great importance to eluci- 
date the resistance mechanism of CDDP to 
improve this clinical problem, the molecular 
basis of CDDP resistance has not been con- 
clusively defined [5-7]. 

Regarding the mechanism of resistance to 
CDDP, several hypotheses have been ad- 
vanced: protective and detoxification mecha- 
nisms, including decreased drug accumula- 
tion [8], increased content of intracellular 
thiols such as glutathione [9-1 1] and metallo- 
thioneins [12, 13], reduction of DNA cross- 
linking as a consequence of decreased drug 
accessibility to DNA, and/or increased repair 
[1 4, 1 5]. In most of the patients, the resistance 
to the anticancer agent has been reported to 
<fce only 3- to 6-fold [16, 17]. 

For determination of the mechanisms of 
resistance to CDDP, cell lines of leukemia 
[18] and ovarian carcinoma [19] have been 
exclusively used. However, there is little in- 
formation about the resistance to CDDP in 
oral cancer due to the few established CDDP- 
resistant cell lines derived from head and 
neck epithelial carcinoma [20]. 

In the present study, we established two 
CDDP-resistant cell lines derived from hu- 
man epidermoid carcinoma cell line A431, 
and examined their characteristics. Both cell 
lines showed low resistance to CDDP. In ad- 
dition, they were transplanted into nude mice 
to develop an in vivo CDDP resistance 
model. 



Anti-Cancer Drugs 

The anti-cancer drugs used were: cisplatin (CDDP) 
from Nippon Kayaku, Tokyo, Japan; carboplatin 
(CBDCA) from Bristol Myers, New York, N.V., USA; 
Adriamyrin (ADM) and 5-fluoiouracil (5-FU) from 
Kyowa Hakko, Tokyo, Japan. 

Establishment of CDDP-ResistantA431 Cells 
Human epidermoid carcinoma cell line A431 cells 
were cultured in DMEM/F- 1 2 (Life Technologies, Inc., 
Rockville, Md., USA) containing 5% FBS (Life Tech- 
nologies) and 1 % penicillin-streptomycin at 37° C, 5% 
C02.A431 cells (2 x 10V60 mm dish) were grown and 
CDDP was then added to the medium at increasing 
concentrations of 0.2, 0.4, 0.5, 0.7, and 1 .0 tig/ml of 
CDDP. During continuous exposure to CDDP, culture 
medium was replaced with freshly prepared medium 
containing CDDP at indicated concentrations every 
3 days. Colonies survived when exposure to 1.0 ng/ml 
CDDP was selected, and the selected clone was named 
A431/CDDP1. A431 cells (1 x 10«/90-mm dish) in 
10 ml of medium were treated with 1 uAfof 1-methyl- 
3-nitro-l-nitrosoguanidine (MNNG; Aldrich Chemi- 
cal Co., Milwaukeee, Wise, USA) for 24 h, and then 
the cells were incubated in MNNG-free medium for 
6 days. CDDP was then added to the medium at a con- 
centration of 1 .0 ug/ml, and incubated for 7 days. Col- 
onies were isolated and the purified clone was named 
A431/CDDP2. 

In vitro Drug Sensitivity Assay 

The parent cell line A431 (A431/P) and CDDP- 
resistant cell line, A431/CDDP1 and A431/CDDP2 
(1 x lOVwell) were seeded in a 24-multiwell dish. 
After 24 h, various concentrations of CDDP and other 
chemotherapeutic agents (CBDCA, ADM and 5-flu- 
orouracik 5-FU) were added to the medium at the fol- 
lowing dosages: CBDCA: 1 x 10" 4 , 3 x 10"* 1 x 
10- 3 ,3 x 10-M x 10- J ,3 x 10- 2 , 1 x 10-' and 3 x 
10-' ug/ml; ADM: 1 x 10"«, 3 x 10"«, 1 x 10" 5 , 3 x 
10- s , 1 x 10-*, 3 x 10-«and 1 x 10" 3 ug/ml, 5-FU: 
3 x 10- s , I x 10~», 3 x 10-*, 1 x 10- 3 , 3 x lQ- } , 1 x 
10~ 2 ,3 x 10- 2 andl x 10" 1 ug/ml). After an addition- 
al 3 days of culture, the viable cells were counted. All 
counts were done in triplicate, and the viability was 
assessed by the trypan blue dye exclusion assay. 

In vivo Drug Sensitivity Assay 

A431/P, A431/CDDP1 and A43I/CDDP2 cells 
(1 x 10 7 ) were injected subcutaneously into 4- to 5- 
week old female BALB/onu/nu mice (CLEA Japan, 
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Tokyo, Japan) with a 27-gauge needle. The animals 
were housed in a pathogen-free environment under 
controlled conditions of light and humidity in our ani- 
mal facility. CDDP (5 mg/kg body weight) was admin- 
istered intraperitoneaUy once a week from 2 weeks 
after tumor inoculation. Tumor size was determined 
by recording maximum and minimum diameters with 
a caliper once a week. Tumor volume (V) was calcu- 
lated by the formula V <= where L is the length 
and W is the width in millimeters of the tumor. Antitu- 
mor activity was evaluated by the mean tumor volume 
of a group of mice. 

Measurement of Intracellular Platinum 
Concentration 

We measured the platinum concentration, which is 
the major component of CDDP, to evaluate the accu- 
mulation of intracellular CDDP. In brief, the cells were 
adjusted to 2 x 10 s cells/90-mm dish and cultured for 
2 days. The cells were washed twice with EMEM (Kyo- 
knto Seiyaku KLK., Tokyo, Japan) and incubated with 
CDDP (20 ug/ml) m EMEM for 1-7 h. After lysing 
these samples in 4 JVHNOj, platinum concentration 
was measured at 265.9 nm using the Zeeman Atomic 
Absorption Spectrometer (Z-800, Hitachi K.K., To- 
kyo, Japan) [21]. 

Statistical A nafysis 

The Mann-Whitney test was used to analyze the 
statistical differences between the parent A43 1 (A43 1 / 
P) and the CDDP-resistant cell lines (A431/CDDP1 
and£431/CDDP2). 



Results 

Characteristics of CDDP-Resistant . 
A431 Cells 

We established two CDDP-resistant A431 
sublines, A431/CDDP1 and A431/CDDP2, 
by two methods, gradually increasing the 
doses of CDDP and the mutagenic induction 
with MNNG. Although CDDP inhibited the 
growth of A431/P, A431/CDDP1 and A431/ 
CDDP2 cells in a dose-dependent manner, 
its inhibitory activity on A431/CDDP1 and 
A431/CDDP2 cell growth was less than that 
on A431/P cells (fig. 1). A431/CDDP1 and 
A43 1/CDDP2 have become 3. 1 and 2.7 times 



Table 1. Characteristics of CDDP-resistant sub- 
lines 





ICjo 


Relative 
resistance 


A431/P 


0.096 


1.0 


A431/CDDP1 


0.30 


3.1 


A431/CDDP2 


0.26 


2.7 


Relative resistance 
parent cell line. 


= ICjo resistant subline/IQg 



Table 2. Relative resistance of CDDP-resistant 
sublines 



CDDP CBDCAADM 5-FU 



A431/CDDP1 
A431/CDDP2 



3.1 
2.7 



1.7 
2.6 



0.9 
0.6 



1.3 
1.0 



Relative resistance = ICjo resistant subline/IQo 
parent cell line. 



more resistant to CDDP than the respective 
A431/P in terms of 1C 50 (table 1). The CDDP 
resistance in the sublines was stable over 
8 months even in CDDP-free medium. The 
doubling times of A43 1/P, A43 1/CDDP 1 and 
A431/CDDP2 were about 19 h; the differ- 
ences among these cell lines were not statisti- 
cally significant (data not shown). 

Determination of Cross-Resistance to 

Other Anticancer Drugs 

Although the two CDDP-resistant sublines 
showed cross-resistance to a CDDP analogue, 
CBDCA, IC50 of CBDCA on CDDP sublines 
was less than that of CDDP (CBDCA/CDDP; 
A431/CDDP1, 0.55, A431/CDDP2, 0.96). 
On the other hand, these sublines did not 
show cross-resistance to anticancer agents 
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Fig. 1. Dose-response curves for CDDP in A431/P 
and its resistant cell lines: O *» A431/P; • = A431/ 
CDDP1; A = A431/CDDP2. Points and bars repre- 
sent ± SD of 3 determinations. 



o 1.000- 



600- 




4 6 
Week 



Rg. 2. Response of A431/P, A43I/CDDP1 and 
A431/CDDP2 tumors of nude mice to serial admin- 
istration of CDDP (5 mg/body weight). O = A431/P; 
• = A431/CDDP1; A = A431/CDDP2. Points and 
bars represent mean ± SD (n = 4 nude mice for each 
group). # =■ all mice died by 4 weeks after cell inocula- 
tion. * p < 0.0 1 , significantly different from the group 
transplanted with parent A431 cells. 



with different pharmacological action such as 
ADM and 5-FU (table 2). These results indi- 
cated that A431/CDDP1 and A431/CDDP2 
Svere not multidrug resistant but specifically 
resistant to the CDDP drug family. 

In vivo Drug Sensitivity Assay 

The 1 x 10' cells of A431/P and CDDP- 
resistant sublines were inoculated subcuta- 
neously into nude mice. The development of 
tumor in each group reached approximately 
1,300 mg by 2 weeks after the cell inoculation. 
The experimental dosage of CDDP (5 mg/kg, 
body weight) was then administered intra- 
peritoneally once a week until the animal 
died. The nude mice transplanted with the 
two CDDP-resistant sublines showed a signif- 
icant increase of tumor growth and they also 
manifested cachexia. All mice transplanted 
with A431/CDDP1 and A431/CDDP2 died 
within 4 weeks after cell transplantation. On 



the other hand, nude mice transplanted with 
A431/P cells survived for 8 weeks, and tumor 
weight in this group was dramatically de- 
creased by the treatment with CDDP. Thus, 
both CDDP-resistant sublines also presented 
the CDDP resistance phenomenon in vivo 
(fig 2). 

Intracellular Platinum Concentration 
Intracellular platinum concentration time- 
dependently increased in all cell lines. How- 
ever, the concentrations in A431/CDDP1 and 
A431/CDDP2 were much lower than in the 
A431/P cell. Incubation with CDDP for 7 h 
decreased the intracellular platinum concen- 
tration in A431/CDDP1 (47%) and A431/ 
CDDP2 (25%) compared with that of A431/ 
P. These results indicate that this CDDP 
resistance was dependent on the decrease of 
intracellular platinum accumulation (fig 3). 
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,Tuno {h) 

Fig. 3. Intracellular platinum concentration as a 
function of exposure lime: O = A431/P; • = A431/ 
CDDP1; A = A431/CDDP2. Results are expressed as 
platinum concentration per I x 10* cells. Each value 
represents the mean ± SD of 3 determinations. Incu- 
bation with CDDP for 7 h significantly different from 
the parent A43I cell (p<0.01). 



Discussion 

CDDP has been accepted to be the most 
effective chemotherapeutic agent for cancer 
patfents [1]. However, in cancer patients who 
had been previously treated with CDDP, the 
efficacy of additional CDDP therapy often 
decreases, since the tumor has frequently ac- 
quired resistance to this drug. This phenome- 
non represents a limitation of clinical cancer 
therapy. Epithelial carcinoma is the most 
common cancer in the oral region, and CDDP 
has been frequently used for its treatment. 
However, definite information about its resis- 
tance to chemotherapy is scarce due to the 
lack of CDDP-resistant cancer cell lines de- 
rived from mucous origin epithelial tissue. 
Therefore, the investigation of the function 
and mechanism of resistance is very impor- 
tant to establish strategies that may decrease 
CDDP resistance and increase its curative 
effect. 
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In the present study, we used A431 cells 
established from vulvar carcinoma to estab- 
lish a CDDP-resistant cell line derived from 
human mucous epithelial carcinoma. Al- 
though this cell line is not an oral cancer cell 
line, many researchers have used it to investi- 
gate the cancer biology of oral squamous cell 
carcinoma [22]. Because this cell line has fea- 
tures similar to those seen in oral cancer. 
Therefore, establishment of CDDP-resistant 
A431 is very useful to perform further re- 
search, since the biological properties of A43 1 
have already been clarified to a great extent. 

The multiple biochemical and genetic 
mechanisms of CDDP resistance are not fully 
understood and different model systems have 
been proposed. Most of these models consist 
of highly resistant (>10-fold or more) mam- 
malian tumor cell lines in which resistance 
has been induced by exposing cells contin- 
uously to increasing concentrations of CDDP 
for extensive periods of time [5, 23]. How- 
ever, in the clinical scenario, development of 
resistance occurs after only a few courses of 
low-dosage chemotherapy. Simmonds et al. 
[16] and Wolf et al. [17] demonstrated in 
ovarian carcinomas that clinical exposures 
will induce low tumor CDDP resistance (3- to 
6-fold). Therefore, it was our goal to mimic 
the clinical situation, inducing low-level 
CDDP resistance to low doses of CDDP and 
short-term exposure of the cell lines used for 
the in vitro and in vivo experimental proce- 
dures of this study. 

The major cytotoxic action induced with 
CDDP has been considered to be platination 
of the DNA, leading to the induction of inter- 
strand and predominantly intrastrand cross- 
links [24-26]. In vitro resistance to CDDP 
has been shown to decrease drug accumula- 
tion in cancer cells [27]. Bun go et al. [28] 
reported that CDDP accumulation of a 
CDDP-resistant human non-small cell lung 
cancer cell tine, PC-9/0.5, was decreased to 
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20% compared with that of parental PC-9. 
Kawai et al. [29] reported that the degree of 
CDDP resistance was correlated with reduc- 
tion in CDDP accumulation. Teicher et al. 
[20] reported that both human head and neck 
squamous cell carcinoma cell line SCC-25 and 
CDDP resistance cell line SCC-25/CP con- 
centrate platinum in the nuclei to some de- 
gree. However, there is a difference in plati- 
num levels in the parent cell line compared to 
the CDDP-resistant line. In the present study, 
intracellular platinum accumulation in A431/ 
CDDP1 and A43 1/CDDP2 decreased in con- 
trast with parent cell line A431/P. These data 



suggested that reduction of intracellular plati- 
num accumulation is one of the mechanisms 
profoundly involved in the resistance of both 
CDDP-resistant A431 cell lines. 

It is well known that the acquisition of 
resistance to anticancer agents is dependent 
on multifunctional steps. Although further in- 
vestigation is required, we believe that the 
CDDP-resistant cell lines in a nude mouse in 
vivo tumor model and in cells cultured in 
vitro observed in the present study provide of 
a useful model for the study of CDDP resis- 
tance. 



References 

1 Durant JR: Cisplatin: A clinical 
overview; in Prestayko AW, Crooke 
ST, Carter SK (eds): Cisplatin, Cur- 
rent Status and New Developments. 
New York, Academic Press, 1980, 
pp 317-321. 

2 Hamasaki VK, Yokes EE: Chemo- 
therapy in head and neck cancer. 
Curr Opin Oncol 1992-,4:1376- 

$ 1384. 

3 Addstein DI, Sharan VM, Earle AS, 
Shah AC, Vlastou C Haria CD, 
Carter SG, Datum C, Hines D: 
Long-term results after chemoradic- 
therapy for locally confined squa- 
mouscell head and neck cancer. I 
Clin Oncol 1990,13:440-447. 

4 Weissler MC, Melin S, Sailer SL, 
Qaqisfa BF, Rosenman JO, Pillsbury 
HC HI: Simultaneous ch em ©radio- 
therapy in treatment of advanced 
head and neck cancer. Arch Otola- 
ryngol Head Neck Surg 1992; 118: 
$06-810. 

5 Andrew PA, Howefl SB: Cellular 
pharmacology of cisplatin: Perspec- 
tives on mechanisms of acquired re- 
sistance. Cancer Cells 1990.2:35- 
43. 

6 Scanlon KJ, Kashani-Sabet M, Tone 
T, Funato T: Cisplatin resistance in 
human cancers. Pharmacol Ther 
1991;52:385-406. 



7 Hamilton TC, CDwyer PJ, Oa>b 
RF: Platinum analogues in preclini- 
cal and clinical development Curr 
Opin Oncol 1993;5:385-406. 

8 Cately DP, Howell SB: CeUular ac- 
cumulation of the anticancer agent 
cisplatin a review. Br J Cancer 1 993; 
67:1171-1176. 

9 Saburi Y, Nakagawa M, Ono M, Sa- 
kai M, Muramatsu M, Kohno K. 
Knwano M: Increased expression of 
glutatton-S-transferase gene in cis- 
diamminedicbioroplatmnm (II) - 
resistant variants of a Chinese ham- 
ster ovary cell line. Cancer Res 
1989;49:7020-7025. 

10 Misty P, Kriland LR, Abel G, Sid- 
har S, Harrap KR: The relationships 
between glutathione glutathione-S- 
transferase and cytotoxicity of plati- 
num drugs and meiphalan in eight 
human ovarian carcinoma ceil lines. 
BrICancer 1991,64:215-220. 

11 Tew KD: Glutathione-associated 
enzymes in anticancer drug resis- 
tance. Cancer Res 1994^4:4313- 
4320. 

12 Kasahara K, Fujiwara Y, Nishio K, 
Ohmori T, Sugimoto Y, Komiya K, 
Matsuda T, Saijo N: Metallothion- 
ein content correlates with the sensi- 
tivity of human small cell lung can- 
cer cell lines to cbplatin . Cancer Res 
1991;63:3237-3242. 



13 Yang YY, Woo ES, Reese CE,Bahn- 
son RR, Saijo N, Lazo JS: Human 
metallothionein isofc-rm gene ex- 
pression in cisplatin sensitive and 
resistant cells. Mol Pharmacol 1994; 
45:453-460. 

14 Fink D, Nebet S, Acbi S, Zheng H, 
Cenni B, Nehme A, Christen RD, 
Howell SB: The role of DNA mis- 
match repair in platinum drug resis- 
tance. Cancer Res 1996;56:4881- 
4886. 

15 Fink D, Zheng H, Nebel S, Norris 
PS, Aebi S, Lin TP, Nehme A, 
Christen RD, Haas M, MacLeod 
CL, Howell SB: m vitro and in vivo 
resistance to cisplatin in cells that 
have lost DNA mismatch repair. 
Cancer Res 1997;57:1841-1845. 

16 Simmonds AP, McDonald EC: 
Ovarian carcinoma cells in culture: 
Assessment of drug sensitivity by 
donogenic assay. Br J Cancer 1984; 
50:317-326. 

17 Wolf CR, Hayward IP, Lawrie SS, 
Buckton K, Mclntyre MA, Adams 
DJ, Lewis AD, Scott ARR, Smyth 
JF: Cellular heterogeneity and drug 
resistance in two ovarian adenocar- 
cinoma cell lines derived from a sin- 
gle patient, lnt J Cancer 1987;39: 
695-702. 



Cisplatin- Resistant A43I Cell Lines Chemotherapy l998;4*4l«-420 419 



41/59 • RCVD AT 5SS/2008 6:28:52 PM [Eastern Daylight Time] ■ SVR:USPTO-EFXRF-S/5 • ONIS:2738300 ■ CS0>:21 2 425 5288 ■ DURATION (mm-ss):71 -20 



MAY-09-2006 19:14 



KENYON it KENYON 



212 425 5288 P. 042/059 



18 Miyasita T, Reed JC: Bd-2 oncopro- 
tein blocks chemotherapy-induced 
apoptosis in human leukemia cell 

. rine.Bloodl993;8l:151-lS7. 

19 Eliopouks AC, Kot D, Herod J, 
Hodgkins L, Krajewski S, Reed JC, 
Young LS: The control of apoptosis 
and drug resistance in ovarian can- 
cer: Influence of p53 and Bcl-2. On- 
cogene 1995;11:1217-1228. 

20 Teicher BA, Holden SA, Kelly MJ, 
Shea TC, Cucchi CA, Rosowsky A, 
Menner WD. Frei E III: Character- 
ization of a human squamous carci- 
noma cell line resistant to cis-diam- 
minedichloroplatinum(II). Cancer 
Res 1987;47:388-393. 

21 Pera MF Jr, Harder HC: Analysis 
for platinum in biological material 
by flameless atomic absorption 
spectrometry. Clin Chem 1977;23: 
1245-1249. 



22 Funayama T f Nakanishi T f Takaha- 
shi K, Taniguchi S, Talcigawa M, 
Matsumura T: Overapression of o- 
erijB-3 in various stages of human 
squamous cell carcinoma. Oncology 
1998;55:161-167. 

23 Belvedere G, Imperatori L, Damia 
G, Tagu'abue G, Merjer C, de Vries 
EGE, Dlrtcaki M: In vitro and 
in vivo characterisation of low- 
resistant moose xeticulosaicoma 
(M5076) sublines obtained after 
pluse and continuous exposure to 
cisnlatin. Eur J Cancer I996;32A: 
2011-2018. 

24 Rosenberg B: Antitumor activity of 
cisKtichlorodiammineplatirjunj (II) 
and some relevant chemistry. Can- 
cel Treat Rep 1979;63:1433-1438. 

25 Z welling LA, Kohn KW: Mecha- 
nism of action cis-dicblorodiammi- 
neplatinum(II). Cancer Treat Rep 
1979;63:1439-1444. 

26 Rosenberg B: Fundamental studies 
with ds-platin. Cancer 1985;55: 
2303-2316. 



27 Bosscha HT, Mulder NH, de Vries 
EGE: Modulation of cts-diammine- 
dichloiopiatmurn(]l) resistance: A 
review. Br I Cancer 1992;66:227- 
238. 

28 Bungo M, Fujiwara Y, Kasahara K, 
NakagawaK, OheY, Sasaki Y, Irino 
S. Saijo N: Decreased accumulation 
as a mechanism of resistance to 

• cis-diammmedicluoroplatinum ( Q) 
in human non-small cell hing cancer 
cell lines: Relation to DNA 
and repair. Cancer Res 1990-.50: 
2549-2553. 

29 Kawai K, Kamatani N, Georges E, 
ling V: Identification of a mem- 
brane glycoprotein overexpiessed 
in murine lymphoma sublines resis- 
tant to ds^ainmiiiedichloroplati- 
mim (II). J Bio) Chem 1990265: 
13137-13142. 



420 Chemotherapy 1998-.44-.4I4-420 Mese/Sasaki/Alcalde/Naliayaina/ 

Matsumura 



PACE 42/59 • RCVD AT 5/9/2003 6:28:52 PM (Eastern Daylight Time] ' SVR:USPTO-EFXRF-S/5 ' DNIS:2738300 ■ CStD:21 2 425 5288 ■ DURATION (mm-ss):71-20 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 



□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




LOLOR OR BLACK AND WHITE PHOTOGRAPHS 



